In Korea, a heavy ion accelerator facility (RAON) has been designed for production of rare isotopes. The 90
I. INTRODUCTION
Recently, the demand for the development of high intensity heavy ion accelerators is considerably increasing. A heavy ion accelerator facility of Rare Isotope Science Project (RISP) has been designed to produce rare isotopes in Korea. One of the main operation modes of RISP linear accelerator is to produce rare isotopes at the In-Flight (IF) target using 238 U ions with high charge states. The 90
• bending section at this facility includes a 1.3-μm-carbon charge stripper followed by dipole magnets, quadruples, and superconducting RF cavities.
238 U 33+,34+ ion beam passes through the carbon stripper at the beginning of the 90
• bending section. 238 U ions with different charge states are generated by * E-mail: lee@postech.ac.kr; Fax: +82-54-279-1869 the stripping reactions. Since dipole magnets are tuned to transport 238 U ions with optimum charge state, other ions will be inadequately deflected by the dipole magnets at the bends and cause beam losses and energy deposition in the accelerator devices.
In our previous work, radiation production in the charge stripping section of RISP linear accelerator was studied [1] . In this work, the absorbed dose was calculated for devices located at the 90
• bending section in order to estimate radiation damage of such devices so that eventual replacements or local protection shielding could be planned. FLUKA [2] code was employed to calculate the absorbed dose in each device, including radiosensitive equipment like insulating epoxy in the magnetic coils, or superconducting metals in the cavities. A novel method to transport multi-charged 238 U ion beam was applied in the FLUKA code by using charge distribution of 238 U ions after the stripper obtained from LISE++ code [3, 4] . In addition, the prompt dose equivalent was calculated in the tunnel to investigate radiation penetration into the walls.
II. METHODS AND TECHNIQUES

Calculation of Charge Stripping Reactions Using LISE++ Code
The LISE++ code version 9.9 was used to investigate the charge stripping reactions that occurred from 18.5 MeV/n 238 U ions on carbon stripper. The LISE++ code was developed to calculate the transmission and yields of fragments produced and collected in a fragment separator. The code allows simulating fully the production of radioactive beams, from the parameters of the reaction mechanism to the detection of nuclei selected by the fragment separator. Six models are implemented in this code to simulate charge stripping reactions; Winger, Leon, Shima, GLOBAL+W, GLOBAL+L and Schiwietz. The GLOBAL+W model, which is recommended for low energy region [3] , was chosen to estimate the charge distribution of produced 238 U ions after the stripper. Results of LISE++ code, the charge distribution of ions versus exit angles from stripper, was implemented to FLUKA in the form of special FORTRAN routines to give a virtual charge state to each particle exiting the stripper to track them appropriately through the magnets.
Calculation of Absorbed Dose in the Devices and Prompt Dose in the Tunnel Using FLUKA Code
The FLUKA code, version 2011.2b, was used to perform all simulations. The FLUKA is a multi-purpose transport Monte Carlo code, for calculations of particle transport and interaction with matter [2] . Different reaction models are used in FLUKA code to simulate heavy ion induced reaction: the modified RQMD (Relativistic Quantum Molecular Dynamics) for intermediate energies from 125 MeV/n up to 5 GeV/n and Boltzmann Master Equation model covering lower energy range.
The incident beam on the thin carbon stripper consists of 18.5 MeV/n 238 U 33+ (50%) and 238 U 34+ (50%) of 9.5 pμA current with Gaussian profile (0.4 cm FWHM). The complex geometry of the 90
• bending section of the heavy ion accelerator tunnel is modeled in detail with FLUKA and auxiliary geometry files. This section includes a 1.33-μm-thin carbon stripper, two identical 45-degree dipole magnets of 2 m radius, twenty-four quadrupoles of three types, two sets of SRF cavities and 11 slits. input geometry. In addition, Table 1 shows the materials of accelerator devices located in the 90 • bending section. After this study, the design of beam transport scheme has been improved by RISP accelerator group by including several sextuples.
III. RESULTS AND DISCUSSION
The fraction of produced 238 U ions beam after stripper, from 18.5 MeV/n 238 U 33+,34+ ions on carbon stripper is shown in Table 2 . The optimum charge states after the stripper are 77+, 78+, 79+, 80+ and +81 with 9.5%, 18%, 24%, 23%, and 14% fraction respectively. Since 238 U79+ ions have a maximum fraction, the dipole magnets were tuned to transport these ions optimally and also 238 U ions with 70+ to 89+ charge states were transported in simulations. Figure 2. shows the angular distributions of 238 U ions after thin carbon stripper which 238 U ions are not largely deviated.
238 U70+ to 89+ ions
